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The Shape of the Blade with the highest power generation
efficiency
Alexander Seelye, Haofeng Xu, Junyao Li, Rufang Bai, Ruonan Liu, Qiyang Liu, Yiyao Zhang
Department of Applied Technology, Fort Hays State UniversityInstructor: Joseph Chretien

Abstract
The purpose of our wind turbine blade
design research is to find the most efficient
blade shape for power production. Our plan
was to first study the size and structure of
existing blades, then use the AutoDesk
Inventor 3D program to design a suitable
blade profile. After 3D printing the desired
blade profile it would be tested using the
existing wind turbine simulation equipment in
the lab. The Inventor software allowed us to
model, and repeatedly debug, to ensure that it
our mount fit into the hub of the turbine
holding the fixed blade. After repeated
changes, the printer finally produced three
sets of fan blades of different shapes. The wind
simulation equipment still must be used be to
complete our testing. By adjusting the wind
speed and measuring the recorded output
power, it will eventually be converted into an
experimental model: a certain shape of blade
Introduction
generates higher electrical power.
Wind power is a very beneficial renewable
clean energy, especially in Kansas, where there
are many plains and much long-term high wind.
This is a project studying how can the shape of the
blade affect the efficiency of wind energy
generators. In this project, students are designing
the blade used for wind turbines. They studied
how to use the AutoDesk Inventor software to
make a 3D-design profile and then produce the
blade. There are three groups of students doing
different blade designs. Those designs will be
considering changing the shape of the blade base
on length, width, air resistance, and other factors.
After designing, those blades will be printed out by
a 3D-printer and be tested on an actual wind
turbine. The result of this research will be which
shape of the blade is most efficient.

Figure 1)The blade planforms with major material regions are for Sandia’s three
wind-blade prototypes: CX-100 (carbon experimental), TX-100 (twist-bend
experimental), and BSDS (blade system design studies). (Illustration from Sandia
National Laboratories’ Materials and Innovations for Large Blade Structures:
Research Opportunities in Wind Energy Technology, AIAA- 2009-2407, May
2009)
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Methodology

Discussion

 Separated into 3 groups to design each of their blade shapes on
the sketch paper and came up with three different shapes of blade
design.
 Group 1 designed a blade that is narrow and thick at the top, group
2 created a blade that is wider at the mount part and narrow at the
end, group 3 drew a blade that is wider and thicker at the mount
part and longer length.
 Measured the length of the blade of a printed standard wind
turbine and decided the length of our blade, which is 12 inches
long. In order to test which blade works best in a wind turbine
system, each group has different width of blade.

Currently, there are many different wind power
stations and wind farms in the world such as the
King Mountain Wind Farm in the US. According to
Windustry, a home or farm-scale wind power
generation system usually costs roughly $3,000
to $8,000 per kilowatt of capacity. For the
commercial one, it usually costs about $1.3
million to $2.2 million per MW. It is obvious that
purchasing and installing the wind turbines is
already a big deal. That’s why it is very important
for us to look for an efficient wind turbine design
so that we can minimize the costs while
maximizing the amount of generating power.
Figure 3) The
explanation for the
pressure on the two
sides of the blade

 Used the Inventor to establish the 3D modeling of the mount.
 Printed out the model of the mount by using the 3D printer.
 Adjusted the mount by using the hub.
 Edited the right length of the mount on the Inventor.
 Drew the 3D modeling of the blade by using the Inventor.
 Combined mount and blade on the Inventor.

Figure4. Group 1 Blade

Figure5. Group 2 Blade

Figure6. Group 3 Blade

Further Work
Currently, our research still has not ended yet. We have just
finished the steps of designing the whole structure of the wind
turbine blade. There is still something to do in order to finish our
research. First, we need to print out our complete blades using a
3D printing machine. In figure 4, there is an example that the
blade design of the group of Alex, Ace and Kevin. After that, we
need to build up a wind power generation windmill model. With a
barrel with the cement sets to fix the pole. During these processes,
there may be other factors or problems that we need to overcome.
For example, the wind turbines may not be able to rotate as
smoothly as we expect appropriately. Maybe some effective
measures need to be taken since there may be some detailed
problems. After getting all equipment ready, we would start the
testing part. We already have a machine which are able to make
different levels of wind to imitate the efficiency of blades in the
field. The next step is to collect data of three groups. The research
needs to collect several kinds and groups of data. In this way, the
analysis process would be more complete and precise. After the
data is collected, we could get the score of the efficiencies of
different blades in the test. Finally, with the experiment done, we
are able to obtain the best wind turbine design. Refer to the
information, graphs, and images for this section.
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Figure 2) SERI advanced wind turbine airfoils. Source: Miley(1982).

For this design, we focused on the mounting hub of the
whole turbine at the very beginning. This is where the
three blades attach to the turbine. The shape of the
mounting end of the blade must match exactly to the
hub of the turbine which is very irregular. Since the
shape of the bearing is very tricky, we needed to be
very careful of the curves of the mount. Even if it is
about 0.5cm wider, the node may not be able to be
settled into the hub properly. Also, there are two holes
in the middle of each mounting area. The usage of
them is for securing the blade with screws. That’s why
it is very important that the position of the holes on our
designed blade should be exactly the same as the
position of the holes on the bearing. Otherwise, it
cannot fit into the hub and the whole node becomes
useless. With lots of difficulties adding together, only by
measuring different parts of the node and the bearing
for several times can we have the correct design
methods.
In the process of making wind blades, theoretical
support, actually, is very important. Obviously,
different designs of the blades would make different
efficiencies of the blade. However, wind power is put
into large-scale use today. So a little improvement of
one blade will make a big difference in the whole
country. The Figure 1 shows that various blades have
different outcomes in the test of efficiency. There are
several ideal shapes or aerodynamic models in Figure 2.
“Precise control of airfoil geometry is quite important in
providing blades with consistent aerodynamic
properties. Small variations in outboard airfoil camber
(±1/4 percent of chord) or twist (±1/4°) can lead to
substantial aerodynamic imbalance and rotor and
turbine life reduction. For stall-controlled machines,
off-design peak power can further reduce
cost-effectiveness by either overstressing driveline and
generator components, and thereby increasing
replacement costs, or by reducing total power output
and revenue. This need for aerodynamic consistency
and accuracy has led to the adoption of molding as the
fabrication method of choice for both fiberglass and
wood/epoxy composites, as it provides control right at
the outer aerodynamic surface, which determines
ultimate
performance. Both material systems are able
.
to provide the complete range of outboard airfoil
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shapes
currently of interest.”
Another influential factor is drag force, which is along
the length of the blade and tries to stop the motion of
Read "assessment Of Research Needs For Wind Turbine Rotor Materials Technology" At Nap.edu
the blade. Drag is essentially related to the friction of
https://www.nap.edu/read/1824/chapter/6
the air against the blade surface and the friction is
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Administrator knowledge, the process of blade design would become
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more scientific.

